We study the impact of socio-economic status on enrollment and study decisions in higher education. We use a discrete choice approach to distinguish between three channels. First, students from disadvantaged backgrounds may be more sensitive to the costs of education. Second, they may have lower preferences for education. Third, they may have developed less academic ability during previous schooling and are therefore less likely to participate. We apply our analysis to Flanders, where tuition fees are low and all high school graduates have access to higher education. We control for unobserved heterogeneity and …nd that preferences and (acquired) ability are more important than cost sensitivity in explaining the lower enrollment of disadvantaged students. Finally, we use the cost sensitivity channel to simulate the impact of tuition fee increases. We …nd that a uniform tuition fee increase has a fairly small impact on total enrollment, but it especially reduces enrollment of socially disadvantaged students. An alternative discriminatory policy, which combines a higher tuition fee increase for advantaged students with a lower tuition fee increase for disadvantaged students, can be superior: it generates the same budgetary savings, has a lower impact on total enrollment and reduces the participation gap of disadvantaged students.
Introduction
Governments aim to ensure a high participation of students in higher education. However, there is a large gap in enrollment between students from disadvantaged backgrounds and students from advantaged backgrounds. For many OECD countries, Asplund et al. (2004) show that enrollment rates di¤er substantially according to the educational degree of the parents. Bailey and Dynarski (2011) show for the U.S. that overall participation in higher education has increased over time, but that this increase was smaller for low-income families. As college graduates on average earn higher wages, children from low-income families can improve their socio-economic status by investing in higher education. To increase the participation of these students, governments implement …nancial aid programs 1 and provide scholarships for low-income students.
We study the impact of socio-economic status on enrollment and study decisions in higher education. We use a discrete choice model to distinguish between three channels through which socio-economic status in ‡uences enrollment and study decisions. First, students from disadvantaged backgrounds may participate less in higher education because they are more sensitive to the monetary costs of education. Second, they may be less likely to enroll because of lower preferences for education. This preference e¤ect captures the fact that disadvantaged students have lower tastes for education, higher indirect costs of studying or lower expectations about the returns of the investment. Third, students from disadvantaged backgrounds have lower (acquired) academic ability when they graduate from high school. Academic ability is an important determinant of study decisions and is also in ‡uenced by socio-economic background, as shown by Dahl and Lochner (2012) and Lundborg et al. (2014) . Academic ability should therefore be interpreted as the combined e¤ect of skills and previous educational decisions.
We apply our analysis to Flanders, the Dutch-speaking part of Belgium, where tuition fees are low and institutions are not allowed to set their own admission standards. All high school graduates can choose almost any program in higher education. This unique setting allows us to observe the most preferred option of each student since choices are hardly constrained. Students can choose between academic and professional programs. Academic programs are o¤ered at universities and colleges, while professional programs are only o¤ered at colleges.
We use a unique dataset about all high school graduates of 2008, eligible to enter higher education in Flanders. We combine this dataset with a dataset of all students in higher education. We observe gender, age, high school background and socio-economic status. We measure the socio-economic status of the student by the following variables: educational degree of the mother, study grant in secondary education and language spoken at home. The study grant variable is our proxy for household income because low-income families obtain a subsidy for children in secondary education. We also observe detailed information on the students' locations, from which it is possible to compute travel costs to all study options (the sum of transport costs and the opportunity cost of travel time to attend a professional or academic program).
We proceed with our analysis in several steps. We …rst estimate the discrete choice model to uncover the determinants of study choice, in particular socio-economic background. We then use the parameter estimates to quantify the relative importance of the above three channels through which socio-economic background may in ‡uence enrollment in higher education. Finally, we perform policy counterfactuals to investigate the e¤ects of raising tuition fees. We distinguish between uniform tuition fees for all students, and discriminatory fees with higher tuition fees for advantaged students. We discuss the results from these steps in turn.
First, the empirical results from our discrete choice model reveal the following. Students from disadvantaged backgrounds are less likely to enroll in higher education. If they participate, they are more likely to choose for one-cycle, professional programs at college. Students with less favorable socio-economic characteristics are also more sensitive to the costs of education. There is also signi…cant unobserved heterogeneity, both regarding student sensitivity to travel costs and regarding the preferences of studying (relative to not enrolling). These factors are often neglected in previous studies, but turn out to be relevant for our further analysis.
We next use the parameter estimates to quantify the impact of the three channels. We …nd that the preference and especially the (acquired) ability e¤ects are more important in explaining the lower participation of disadvantaged students than the cost sensitivity e¤ect. We …nally use the model to evaluate the e¤ect of tuition cost increases on enrollment. Although the cost sensitivity e¤ect only explains a small part of the lower enrollment of disadvantaged students, we still …nd that disadvantaged students are more sensitive to cost increases. Uniform tuition fee increases especially reduce participation of disadvantaged students. Additionally, we show that discriminatory tuition fee increases, with higher tuition fee increases for advantaged students, generate the same budgetary savings, have less impact on total enrollment and reduce the gap between both socio-economic groups.
The remainder of this paper is organized as follows. Section 2 surveys the relevant literature. Section 3 provides an institutional overview of the higher education system in Flanders, and takes a …rst look at the rich register data, describing …rst-year enrollment and socioeconomic background. Section 4 sets up the empirical model and describes the assumptions of the three discrete choice models. Finally, section 5 discusses the empirical results and quanti…es the impact of socio-economic status on study decisions. Section 6 describes the impact of tuition fees on enrollment in higher education.
Related literature
Our work relates to various strands in the literature on the e¤ects of socio-economic status and …nancial aid on enrollment in higher education. A …rst strand of the literature focusses on the impact of socio-economic status on enrollment. Family income, parental education and race are important determinants of the participation decision, see for example Steiner and Wrohlich (2012) , Nguyen and Taylor (2003) , Acemoglu and Pischke (2001) , Belley and Lochner (2007) , Frenette (2006) and Cameron and Heckman (2001) 2 . Most studies …nd that the e¤ect of socio-economic status on enrollment in higher education decreases when controlling for academic ability developed during previous schooling, see for example Baert and Cockx (2013) and Galindo-Rueda et al. (2004) 3 . Consistent with our …ndings, Carneiro and Heckman (2002) conclude that the long run e¤ects associated with socio-economic status, such as cognitive and noncognitive ability, are more important than credit constraints in explaining the participation gap. Stinebrickner and Stinebrickner (2003) suggest that family background is more important than the direct costs of education in explaining the di¤erence in college outcomes by family income. A second strand of the literature focusses on the impact of …nancial incentives on enrollment. Financial aid programs increase the number of students in higher education. Cornwell et al. (2006) demonstrate that Georgia's HOPE program, a merit based scholarship, increased freshmen enrollment by 5.9%. Abraham and Clark (2006) and Dynarski (2002 and 2003) …nd that a $ 1000 increase in study grants increases participation by approximately 4 percentage points. Nielsen et al. (2010) and Steiner and Wrolich (2012) …nd much smaller 2 Steiner and Wrohlich (2012) and Nguyen and Taylor (2003) …nd signi…cant e¤ects of family background on the decision to enroll in higher education. Acemoglu and Pischke (2001) …nd that a 10 percent increase in family income is associated with a 1.4 percent increase in the probability of attending a four-year college. Belley and Lochner (2007) …nd that the e¤ect of family income on college enrollment has increased over time. Frenette (2006) demonstrates that students from lower-income families are particularly disadvantaged by distance in their enrollment decision. Cameron and Heckman (2001) …nd that minorities are less likely than whites to attend college.
3 Baert and Cockx (2013) demonstrate that the ethnic gap in participation in tertiary education is eliminated when controlling for family background and previous schooling. Galindo-Rueda et al. (2004) conclude that much of the impact from social class on university attendance actually occurs well before entry into higher education. e¤ects of study grants on participation. They conclude that a 1000 euro increase in subsidies increases participation by about 1 to 1.5 percentage points. While tuition fee subsidies have a small e¤ect on the participation decision, Goodman (2008) …nds that they have a stronger e¤ect on where and what to study. The impact of tuition fees also di¤ers according to socio-economic status. Long (2004) shows for the U.S. that the sensitivity to tuition costs has decreased over time but not for low-income students.
Our contribution is to combine both literatures and test whether socio-economic status still a¤ects study decisions in higher education after controlling for (acquired) ability. We also test whether disadvantaged students are more sensitive to the monetary costs of education. Based on these …ndings we can then focus on the cost sensitivity channel to simulate the e¤ect of alternative tuition fee policies.
Higher education in Flanders
We start with a description of higher education in Flanders. We only discuss institutional aspects that are relevant for the rest of the paper 4 . We introduce our dataset and provide some descriptive statistics of study decisions of high school graduates. These statistics already illustrate the importance of socio-economic status on study decisions in higher education.
Institutional overview
Flanders is the Dutch-speaking part of Belgium, located in the North. It consists of about 60% of the population of 11 million inhabitants, compared with 40% in the French-speaking part, which is located in the South and most of Brussels 5 . Because of the di¤erent languages, both higher education systems are quite closed systems, with only a limited number of students attending universities and colleges in the other region. Nevertheless, because of their long common history, both the Dutch-speaking and the French-speaking educational system are quite comparable in terms of enrollment policies. All undergraduate higher education institutions in Flanders are public. There are no entry barriers and all high school graduates are allowed to start at all programs in higher education, regardless of their speci…c high school degree 6 . This leads to low success rates in 4 Dassen and Luijten-Lub (2007) and De Ro (2008) provide more detailed information about education in Flanders.
5 A small minority of the Dutch-speaking part (about 10%) also lives in Brussels. There is also a small German-speaking part in Belgium, located in the East (about 0.6% of the population). 6 The government only imposes entry exams for a very limited number of programs, such as medicine and dentistry at university. the …rst year in higher education and many students drop out or switch to another program after the …rst year of study. Tuition fees are low (620 euro 7 in academic year [2014] [2015] and cover only 3% of the total costs of higher education (Cantillon et al., 2006) . Students can receive a scholarship if the income of the parents is below a certain threshold. The amount of the subsidy depends on the income of the parents. In contrast to other countries such as the U.K., there is no study loan system in Belgium. Most parents pay for the higher education studies of their children 8 .
The implementation of the Bachelor Master structure in the academic year 2004-2005 changed the organization of higher education In Flanders. Bachelor and master programs are o¤ered at 2 types of institutions. Universities o¤er academic programs and colleges o¤er both academic and professional programs. Academic programs consist of 2 cycles, a 3 year bachelor program followed by a 1 or 2 year master program. Professional programs only consist of a 3 year bachelor program. There are several university and college campuses in Flanders. Higher education institutions can also o¤er postgraduate programs, bridging programs, advanced master programs and doctoral programs. In this paper, we only focus on enrollment of high school graduates in academic and professional bachelor programs.
A …rst look at the data
We combine 2 rich datasets provided by the Flemish Ministry of Education and Training. The …rst dataset contains detailed information on all 57586 pupils who graduated from high school in academic year [2007] [2008] . We observe gender, age, high school background and socio-economic status. We also observe detailed information on the students'locations 9 , from which it is possible to compute travel distance to all study options. All observed characteristics of high school graduates are listed in Table 1 . The second dataset contains information of all students who …rst registered for a program in higher education in 2008 or 2009. We observe the type of program (university, academic college or professional college) and the study result at the end of the …rst year. On the basis of a unique identi…cation number, we can combine both datasets. From the 57586 high school graduates, 39052 students start in higher education in academic year 2008-2009, while another 1158 students do not immediately start in higher education after graduating from high school but enter higher education with 1 year of delay.
7 If the parents'income is low, students pay a lower tuition fee of 104 euro (Sociale Dienst, UGent) 8 It is possible for students to get a living wage to cover the costs of living and studying. However, this option is only available for students who have no access to other sources of …nancing (POD Maatschappelijke Integratie, 2014) . 9 We observe the location of the students at the level of the statistical sector. In Belgium, each municipality is divided into several statistical sectors.
Contrary to the U.S and some European countries, all high school graduates can start at any type of program because there are no admission criteria in Flanders. This unique setting allows us to observe the preferred option of students in higher education and allows us to identify the impact of socio-economic status on study decisions that are not a¤ected by previous admission procedures as in studies with U.S. datasets.
In Table 1 , we represent choices of the high school graduates of academic year 2007-2008 in Flanders. A total of 57,586 pupils graduated from high school and were eligible to start higher education. From these high school graduates, 69.9% actually enroll in higher education: 23.8% start at university and respectively 8.3% and 37.8% choose for an academic program or a professionally oriented program at college.
In the following rows of the table, we show that participation decisions di¤er according to gender, age at graduation from high school, high school background and socio-economic status. Males are less likely to participate in higher education: 65.5% of male high school graduates continue studying, compared with 73.9% of the female high school graduates. Males are also less likely to choose for university and professional college programs, but are more likely to choose for academic college programs. Pupils who graduate from high school without study delay, typically at the age of 18, are more likely to participate in higher education (78.4% versus 51.1%). This e¤ect is strongest for academic programs, especially at university (31.1% of the pupils without study delay start university, versus only 7.7% of the students with a study delay).
High school background also plays a major role in the study decisions. There are 4 types of programs in secondary education: general secondary education, technical secondary education, artistic secondary education and vocational secondary education. Programs in general secondary education provide pupils with a theoretical background and prepare them for higher education. In general secondary education, pupils can choose for various combinations of mathematics, classical languages, sciences, economics, modern languages and/or humanities. Programs in technical secondary education provide pupils with a theoretical and technical background to prepare them for professional higher education or the labor market. We aggregate the several programs in technical secondary education in 5 categories: business, technical sciences, social-technical sciences, technics and all other programs. Programs in artistic secondary education prepare pupils for a profession or higher education. Programs in vocational secondary education prepare pupils for the labor market, but they can also start at college or university 10 . Pupils from general secondary education are most likely to participate in higher education: 53.2% choose for university programs, 12.7% for academic college programs and 29.8% for professional college programs. Only 4.3% of general high school graduates choose for the drop-out option. Participation decisions di¤er between the several programs in general secondary education.
11 Pupils graduating from programs in mathematics or classical languages are most likely to start at university. Pupils graduating from technical secondary education are most likely to choose for professional programs: 63.2% of graduates from technical high schools start at a professional bachelor program, while only 3.5% start at university. Again, study decisions di¤er between the several programs. Pupils from artistic programs in secondary education also prefer to continue studying, while pupils graduating from vocational secondary education are most likely to choose for the drop-out option. Only 13.6% of graduates from vocational secondary education enroll in higher education. Finally, socio-economic status also in ‡uences participation and study decisions. We measure the socio-economic status of the student by the following variables: educational degree of the mother, language spoken at home, and the study grant in high school as a measure of household income. The study grant variable is our proxy for household income because lowincome families obtain a scholarship for children in secondary education. The educational degree of the mother has an important e¤ect on study decisions. The higher the educational degree of the mother, the higher the participation rates. If the mother has a degree in higher education, 40.2% of the students choose for a program at university, while only 9.6% do so if the mother has not …nished secondary education. This gap is smaller for academic programs at college and has disappeared for professional programs at college. Pupils who speak Dutch at home are more likely to participate in higher education. This e¤ect is similar for all options in higher education. Students from low-income families are less likely to participate in higher education: 25.8% of the high-income students start at university, compared with only 16.1% of the low-income students. However, low-income students are proportionally more represented at professional bachelor programs at college.
From Table 1 , we see that students from socially disadvantaged backgrounds are less likely to participate in higher education. This e¤ect is strongest for two-cycle, academic bachelor programs at university. Carneiro and Heckman (2002) provide two possible explanations for the low participation of these students. The …rst interpretation is that students from low-income families are credit constrained and invest less in education. Their second interpretation emphasizes the long-run factors associated with socio-economic background. Socio-economic status in ‡uences children's preferences for education and ability. Better family resources stimulate the cognitive and noncognitive skills of children. Dahl and Lochner (2012) and Lundborg et al. (2014) show that respectively family income and parental education signi…cantly a¤ect cognitive and non-cognitive skills of their children. In Table 2 , we provide evidence for the second explanation of Carneiro and Heckman (2002) . We …nd that high school outcomes di¤er according to socio-economic status. We split the sample of high school graduates in two groups according to socio-economic background. We de…ne a student as coming from a socially disadvantaged background if he or she satis…ed at least one of the following criteria: the mother has no degree in at least secondary education; the language spoken at home is not Dutch; or a study grant was granted in secondary school. Note: Study success is de…ned as the number of course credits the student has obtained at the end of the …rst year divided by the number of course credits for which he was enrolled.
Students from socially disadvantaged backgrounds are less likely to graduate from high school without study delay. Only 59.6% of disadvantaged students graduate without delay, while 74.1% of the other students graduate at the age of 18. Students from socially disadvantaged backgrounds are also less likely to graduate from programs in general secondary education that prepare students for higher education. Only 27.6% of students from socially disadvantaged backgrounds graduate from general secondary education, while 50.6 of advantaged students graduate from a general high school program. This gap is even larger in high school programs that focus on mathematics, classical languages or sciences. Students with a lower level of socio-economic capital are twice as likely to graduate from vocational secondary education.
In Table 3 , we represent study success of all …rst-year students in higher education. Study success is de…ned as the number of course credits the student has obtained at the end of the …rst year divided by the number of course credits for which he was enrolled. Study success is on average 66.3%. Female students are more successful than male students. We also represent study success according to the program studied in high school. For almost all high school programs, study success is highest at professional college programs. There are large di¤erences in study success for the several programs. Students who studied classical languages and mathematics succeed on average for 81.1% of their courses while students from vocational high school programs only succeed for 31.5% of their courses. From this table, we can conclude that the high school program is a good measure of academic ability and does not just re ‡ect preferences for courses in high school. Finally, we also see that students from disadvantaged backgrounds perform less well in their …rst year in higher education.
3. Academic ability: Disadvantaged students are less likely to enroll because they have less favorable high school outcomes, and thus lower (acquired) academic ability.
We use a discrete choice approach to analyze the impact of these channels on enrollment and study decisions. We model both the choice between the type of program and the campus. First, we specify the equation for the utility of studying and the equation for the costs of education. Then, we estimate three discrete choice models: a conditional logit model, a nested logit model and a random coe¢ cients model, where we allow for unobserved heterogeneity in preferences and cost sensitivity and unrestricted substitution patterns.
Utility of studying
After graduating from high school, students can choose to continue education or to start working. A student i chooses an option j 2 J, with J the set of choice alternatives to maximize the utility of studying. The utility of studying U ij depends on gender and high school background X i , socio-economic background S i , and the monetary costs of studying C ij and is given by
where V ij (X i ; S i ; C ij ) represents the deterministic part of utility and " ij represents the unobserved factors a¤ecting the utility of studying. We allow for an individual alternative speci…c constant term ij . This takes into account that students di¤er in unobserved preferences for the several study options. Observed characteristics also in ‡uence the utility of studying. j measures the impact of gender and academic ability X i on the utility of studying. Academic ability is measured by high school background and is partly determined by socioeconomic status as already shown in Table 2 . Hence, the e¤ect of high school background on higher education choices should be interpreted as the combined e¤ect of previous educational choices and skills. High school background captures the joint e¤ect of the intrinsic utility of studying, study e¤ort and expectations about future study outcomes. Separating these three e¤ects would require a panel dataset and ideally a dynamic model. However, for the purposes of our counterfactual analysis it is not necessary to separate these e¤ects. Socio-economic status S i determines the preferences for education through j (the second channel through which socio-economic status in ‡uences study decisions). This preference e¤ect captures the fact that disadvantaged students have lower tastes for education, higher indirect costs of studying or lower expectations about the returns of the investment. The impact of socio-economic status di¤ers between the several options j. j should not be interpreted as the total causal impact of socio-economic status but as the remaining impact at the moment when students decide to enroll in higher education, conditional on previous high school education. i measures the sensitivity to the costs of education. Students are heterogeneous in their sensitivity to costs. We test whether socio-economic status in ‡uences the sensitivity to costs by interacting the socio-economic variables with the cost variable. measures the cost-e¤ect of socio-economic status on enrollment (the third channel through which socio-economic status in ‡uences study decisions).
A possible problem could arise if parents would choose their location based on the availability of higher education institutions. Costs are then not identi…ed from preferences towards higher education. We argue that this is not the case for the region of Flanders. First, it is a priori not very likely that parents choose their location based on accessibility to higher education, because of the high geographic coverage of both universities and colleges across the region, and because of the importance of other factors (like commuting to work). Second, we empirically veri…ed this, by computing the travel distances to the nearest college/university, and averaging this by socio-economic status. We …nd that travel distance does not depend signi…cantly on socio-economic status.
Costs of education
The monetary costs for student i in option j are given by equation (2). They consist of the tuition fee F ij , travel costs T ij ; and the study grant received in higher education G ij . The costs are given by
Tuition fees and study grants in higher education depend on household income. The lower the household income, the higher the amount of the study grant. Students who receive a subsidy also have to pay a lower tuition fee 12 . Travel costs T ij (d ij ; t ij ; R ij ) consist of two components: transportation costs and the opportunity costs of time; see Train and McFadden (1978) for an underlying utility framework. As in Kelchtermans and Verboven (2010) we assume that transportation costs depend on the distance (d ij ) between the home municipality of the student and the college or university campus, travel time t ij and on the costs of going on residence R ij 13 . The annual travel costs for students who do not go on 12 In Flanders, tuition fees are already low (approximately 620 euro). Students who receive a scholarship have to pay a tuition fee of only 104 euro.
13 Using alternative measures of travel and time costs per unit of distance gives broadly similar conclusions.
residence are given by
We assume that students make 10 trips during 30 weeks at a transportation cost of 0.25 euro/km and an opportunity cost of time of 8.36 euro/hour 14 . Students who go on residence, save a fraction of the trips but pay an extra annual cost on rent R ij . Students who obtain a study grant, pay lower rents. The cost of going on residence is given by
In our dataset, we do not observe whether students decide to commute or go on residence. Therefore, we assume that students go on residence if the costs of commuting exceed the costs of going on residence 15 .
To compute the expected study grant G ij for all high school graduates, we face the following two problems: First, we only observe whether a student obtains a study grant and not the exact amount of the grant G ij : Second, we only observe the subsidy variable for students who start in higher education and not for students who do not participate. This implies that we need to impose some additional assumptions on the cost function to compute the amount of the subsidy for both students and outsiders. Nielsen et al. (2010) and Lundborg et al. (2014) face similar problems and calculate the exact amount of the subsidy for students and outsiders based on the algorithm that the authorities used to compute the grants. As we do not observe family income, we assume that students who get a subsidy in higher education, obtain the average amount of the subsidy given in higher education. The average subsidy in academic year 2008-2009, the year of our analysis, was 1726 euro for university programs and 1488 euro for college programs 16 .
To predict the expected subsidy of non-participants, we use a dummy variable for whether a student received a grant in high school as a measure of household income. Low-income students obtain a subsidy in high school. We assume that pupils who choose for the drop-out option would receive a subsidy in higher education if they already obtained a subsidy in high school 17 . Again, we assume that they would obtain the average subsidy in higher education.
Estimation
We use a mixed logit model to estimate the e¤ect of socio-economic background on study decisions and cost sensitivity. After graduating from high school, a student chooses an option j 2 J to maximize utility, given by equation (1). We model the choice between the dropout option and 45 study alternatives in higher education. We de…ne a study option as a type of program (university, academic college, professional college) at a speci…c campus. We normalize the utility of the professional bachelor program at college to zero. Random coe¢ cients or mixed logit models do not exhibit the independence from irrelevant alternatives assumption (Brownstone and Train, 1999 ). These models assume that " ij is independently and identically type 1 extreme value distributed, but in addition allow for unobserved heterogeneity regarding the other parameters, which creates ‡exible substitution patterns between options. We estimate the mean e¤ect of the variables and the standard deviation around the mean. We specify the probability P ij that individual i chooses for option j as follows
with f ( ) the normal density function of the random coe¢ cients : In the notation of equation (1), includes ij and i because we allow for heterogeneity in preferences for the several study options j and heterogeneity in the sensitivity to the costs of education. We assume that the e¤ect of personal characteristics X i ; and socio-economic status S i is the same for all students. Given the size of our dataset, where 57,586 students choose between 46 options, it is not computationally feasible to estimate the model with the full dataset. We therefore use a random subsample of 30 percent of the students. As the choice probabilities, given by equation (5), have no closed form solution, we estimate the model with maximum simulated likelihood. We assume that the coe¢ cients are drawn from a normal density function f ( ) to generate 100 draws of the coe¢ cients for each student.
We also estimate two special cases of the mixed logit model. The …rst simpli…cation is the conditional logit model. In this model, we do not allow for unobserved heterogeneity in the valuation of the alternative-speci…c constants, i.e. ij = j in (1), and in the sensitivity to costs, i.e. i = . The error term " ij is still independently and identically type 1 extreme value distributed, but there is no other unobserved heterogeneity. The assumptions of this model are discussed in Train (2009) . The probability P ij that student i chooses option j 2 J is then given by
The independence of irrelevant alternatives assumption of the conditional logit model implies that the unobserved factors of utility are uncorrelated across alternatives. Increasing the utility of one option implies a proportional decrease in the probability of choosing for all other alternatives.
The second simpli…cation of the random coe¢ cients logit model is the nested logit model. This model relaxes the independence from irrelevant alternatives assumption and allows for more realistic substitution patterns. This model allows for correlation of the unobserved factors " ij a¤ecting utility within each nest. We specify a nested logit model with two nests: a no-study nest and a study nest. The study nest includes 45 study options in higher education. The no-study nest includes the drop-out option. As in Train (2009) , the probability P ijk that individual i chooses for option j in nest B k is given by the nested logit model (7).
The parameter is a measure of the degree of independence in unobserved utility among the alternatives in nest B k . The nested logit model can be viewed as an intermediate model between the other two models. On the one hand, the nested logit model is a generalization of the conditional logit model because it allows tastes for the alternatives within the nests (study versus no-study) to be correlated. There is perfect correlation if = 0, and there is no correlation as in the conditional logit if = 1. On the other hand, the nested logit is less general than the mixed logit: it allows for correlation between alternatives of the same nest, whereas the mixed logit allows for additional sources of unobserved heterogeneity in particular the sensitivity to travel costs.
Empirical results
We …rst discuss the estimation results of the three discrete choice models. We focus on the results of the mixed logit model because this model takes into account unobserved heterogeneity and allows for less restrictive substitution patterns than the other models. Then, we quantify the relative impact of the three channels through which socio-economic status in ‡uences enrollment in higher education.
Demand estimation
In Table 4 , we present the results of the mixed logit model. The results of the conditional logit and the nested logit model are shown in Table A1 and A2 in Appendix. A comparison of the three models shows that unobserved heterogeneity is important, but the sign and signi…cance levels of the other coe¢ cients do not di¤er much between the several models 18 .
Our nested logit model in Table A2 is consistent with utility maximization for all possible values of the explanatory variables because the estimated value of the nesting parameter is between 0 and 1 ( = 0:254 with a standard error of 0.021, implying strong correlation of preferences for the study options relative to the no-study alternative). The nested logit model also provides a better …t of the data in terms of the log likelihood 19 than the conditional logit model. In the remainder of this section, we only describe the results of our mixed logit model because this model takes into account unobserved heterogeneity in preferences and cost sensitivity in a more ‡exible way, allowing for less restrictive substitution patterns.
From the results of the mixed logit model in Table 4 , we …rst see that even after taking into account a lot of observed heterogeneity, such as gender and high school background X i and socio-economic background S i ; students signi…cantly di¤er in unobserved preferences for the study options j . The standard deviations of the random coe¢ cients for the no-study option, for the university study options and for academic college study options are all highly signi…cant. Gender and age signi…cantly a¤ect study decisions in higher education. Males are more likely to choose for the non-study option relative to the reference category, a professional bachelor program at college. However, males who participate in higher education prefer to start at 2 cycle academic programs at college relative to 1 cycle professional programs at college. Pupils who graduate from high school with some years of study delay are more likely to choose for the drop-out option. This corresponds with low enrollment shares for these students in Table 1 . If they decide to participate in higher education, they are most likely to choose for 1 cycle professional bachelor programs at college. c Base category = mother has a degree in higher education. Note: standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
c Base category = mother has a degree in higher education.
Academic ability, measured by high school background determines choices in higher education. Students graduating from general, technical or artistic secondary education are less likely to choose for the drop-out option compared to pupils from vocational secondary education. Students from programs in general secondary education are most likely to choose for 2 cycle academic programs at university or college. Students who studied mathematics, classical languages or sciences in high school have the strongest preference for university. This corresponds with the high university enrollment shares in Table 1 . We also distinguish between programs in technical secondary education. We …nd that students who studied technical sciences in high school prefer academic bachelor programs at college relative to professional bachelor programs at college. Most graduates from technical secondary education prefer academic or professional bachelor programs at college. We do not include interaction e¤ects between programs in technical secondary education and university level programs, because only few students from technical, artistic or vocational programs start at university. Pupils graduating from artistic secondary education are most likely to choose for academic college programs.
Socio-economic status signi…cantly determines study decisions after controlling for previous schooling. We measure the socio-economic status by the educational degree of the mother, language spoken at home and a dummy for whether a pupil received a subsidy in high school as a proxy for household income. A student whose mother has no degree in higher education is more likely to choose for the drop-out option. The degree of the mother also in ‡uences choices in higher education. Students whose mother has no degree in higher education are less likely to start at 2 cycle programs at college or university relative to professional bachelor programs at college that consist of 1 cycle. This e¤ect is stronger if the mother has no degree in secondary education. Pupils who do not speak Dutch at home are more likely to choose for the drop-out option. However, if they participate in higher education, they are more likely to choose for 2 cycle programs at university relative to 1 cycle professional college programs. We also …nd that household income determines the decision to participate but not the choice between the several programs. Students whose household income is below a certain threshold are more likely to choose for the drop-out option.
Finally, students are sensitive to the costs of education and di¤er in their sensitivity to costs. Furthermore, socio-economic status determines the sensitivity to the costs of education. A student whose mother has no degree in secondary education or does not speak Dutch at home is more sensitive to the costs of education. Low-income students are also more sensitive to the costs of education.
We …nd evidence for both interpretations of Carneiro and Heckman (2002) for the low participation of students with weaker socio-economic characteristics. The …rst interpretation is that students from low-income families are credit constrained and invest less in education. We …nd that students with a lower level of socio-economic capital are indeed more a¤ected by costs in their study decision. The second interpretation emphasizes the long-run e¤ects of socio-economic background, such as preferences for education and acquired ability in high school. We …nd that socio-economic status has a direct impact on the utility of studying and an indirect impact through high school outcomes. We will now move on to quantifying the importance of these three channels.
Decomposition of the enrollment gap
Based on our previous results, we can now quantify the relative importance of the three di¤erent channels of socio-economic status. We simulate how total enrollment would change if disadvantaged 20 students would have similar characteristics as advantaged students at the moment of high school graduation. The results of the simulations have to be interpreted relative to the status quo, predicted by the mixed logit model in Table 5 . In this simulation exercise, we do not aim to quantify the total causal impact of socio-economic status, but rather its remaining impact at the moment of high school graduation. This exercise is interesting for policy because it can show whether disadvantaged students have lower enrollment 20 As in Table 2 , we de…ne a student as coming from a socially disadvantaged background if his or her mother has no degree in secondary education or the language spoken at home is not Dutch or the student obtained a subsidy in secondary school. Students who received a subsidy in higher education have a low household income.
rates than advantaged students after controlling for previous educational investments.
First, to isolate the cost e¤ect, we simulate how total enrollment would increase if disadvantaged students would be equally responsive to the costs of education as advantaged students. We assume that the language at home and the subsidy in secondary education have no e¤ect on the sensitivity to costs. As the group of advantaged students consists of both students with a mother with only a high school degree and students with a mother with a degree in higher education, we cannot simply set the e¤ect of the mother's diploma to zero for disadvantaged students: we would then over predict the e¤ect of socio-economic status. We therefore randomly assign students of disadvantaged backgrounds 21 to one of these two groups according to the fraction of students in the advantaged group. 22 Total enrollment would only increase by 0.4 percentage points if disadvantaged students would be equally responsive to costs as advantaged students. Disadvantaged students would still have lower preferences for education and lower academic ability. Second, we simulate how total enrollment would increase if disadvantaged students would have similar preferences for higher education as advantaged students. Disadvantaged students would still have lower academic ability and be more responsive to costs. We use a similar procedure as for the cost e¤ect. Total enrollment would increase by 1.8 percentage points.
Third, we isolate the academic ability e¤ect by predicting how total enrollment would increase if academic ability would not di¤er between the group of disadvantaged and advantaged students. We randomly assign high school outcomes to the group of disadvantaged students to make the group of disadvantaged students similar to the group of advantaged students in terms of high school outcomes 23 . Disadvantaged students would then still obtain less utility from studying through the preference e¤ect and be more responsive to costs. In this case, total enrollment would increase by 6.5 percentage points. Finally, we simulate the e¤ect of simultaneously relaxing the impact of all three channels. We …nd that total enrollment in higher education would increase by 8.4 percentage points, more than half of which is due to a higher enrollment at universities.
When comparing the relative size of the three channels, we can conclude that the academic ability e¤ect is the most important factor in explaining the lower enrollment of disadvantaged students. Sensitivity to costs only explains a small part of the enrollment gap. We performed some sensitivity analysis to test whether the results are a¤ected by the random assignment of characteristics 24 . Our …ndings are consistent with Carneiro and Heckman (2002) who …nd that long run family e¤ects, shaping academic ability and tastes for education, are more important in explaining the low participation of students from socially disadvantaged backgrounds than short term credit constraints. In Table A3 in appendix, we represent outcomes of the conditional and nested logit model. While the nested logit model gives similar results, the cost sensitivity and preference e¤ects are overestimated by the conditional logit model. Relaxing the impact of socio-economic background The e¤ects of the counterfactuals are expressed as percentage point changes relative to the predicted choice probabilities. 24 We performed three kinds of sensitivity analyses. First, we repeated the procedure multiple times. This gave us each time very similar results. Second, we minimize the role of the random assignment of student characteristics by making use of the fact that some disadvantaged students already have a more favorable high school background. We kept the observed high school background of these students …xed and then assigned a more favorable high school background to a subset of the disadvantaged students. We obtained a very similar magnitude for the cost and preference e¤ect, but we found a slightly larger e¤ect for the ability e¤ect. This larger e¤ect can be explained by the correlation between high school background and socioeconomic characteristics. While each disadvantaged student has the same probability of being assigned to a more favorable high school outcome in the simulations in Table 5 , this probability of having a more favorable high school outcome is higher for the least disadvantaged students in the procedure in the sensitivity analysis. We therefore prefer to base our conclusions on the original randomization procedure. Third, as we estimate the mixed logit model on a random subsample of the data, we tested whether the results depend on the random sampling of individuals by estimating the model on another random sample. We again found very similar results.
Policy counterfactuals
We can use the results on the cost sensitivity channel to simulate the impact of alternative tuition fee policies. Tuition costs only cover approximately 3% of the total costs of higher education in Flanders (Cantillon et al., 2006) , and there is increasing pressure to raise tuition fees in many countries to meet budgetary constraints. Some countries, such as the U.K., have recently already raised tuition fees to increase the private contribution to the total costs of higher education. It is therefore highly relevant to assess the impact of tuition fee increases on enrollment. In Table 6 , we represent the predicted changes in enrollment of three alternative tuition fee policies. We again only present the results of the mixed logit model because this model allows for less restrictive substitution patterns. Results of the nested logit model and the conditional logit model are shown in Table A4 and A5 in Appendix.
We …rst simulate the impact of a uniform 1000 euro cost increase for all students in all programs in higher education. Total enrollment in higher education would decrease by 2.2 percentage points. Participation of the students from socially disadvantaged backgrounds would decrease by a higher amount of 3.1 percentage points, while participation of advantaged students decreases by only 1.9 percentage points. This is because of our earlier …nding that disadvantaged students are more sensitive to costs, as shown in Table 4 . The nested logit model in Table A4 in Appendix again predicts similar e¤ects as the mixed logit model: there is a slightly larger decrease of 3.6 percentage points for disadvantaged students and of 2.3 percentage points for advantaged students. In contrast, the conditional logit model in Table A5 in Appendix strongly over predicts the e¤ect of cost increases on the enrollment decisions, respectively -11.8 and -8.4 percentage points.
25
Given that a uniform tuition fee increase has a stronger negative impact on enrollment of disadvantaged students, it is interesting to ask whether discriminatory tuition fee increases can improve enrollment outcomes. We therefore simulate the impact of two alternative budgetary-neutral tuition fee policies. Both policies raise tuition fees of advantaged students by 1500 euro, but at the same time implement a lower tuition fee increase or subsidy to disadvantaged students in such a way that total government expenditures do not increase relative to the uniform cost increase. The policies di¤er in the de…nition of advantaged students who have to pay the higher 1500 euro tuition fee increase. The …rst policy increases tuition fees by 1500 euro for high-income students, while low-income students receive an extra subsidy of 200 euro. The second policy limits the 1500 euro tuition fee increase to the smaller group of advantaged students. Under this policy, students who do not speak Dutch at home and students whose mother has no degree in secondary education are also exempted from the 1500 euro tuition fee increase, irrespective of household income. To keep total government expenditures at the same level, all disadvantaged students now have to pay a higher tuition fee of 100 euro. Outcomes of the counterfactual policies are expressed as percentage point changes relative to the status quo. All three counterfactual policies generate the same budgetary savings for the government.
a Tuition fee increase of 1000 euro for all students in all options in higher education.
b Budgetary neutral policy with an extra subsidy of 200 euro for low-income students, …nanced by 1500 euro cost increase for other students.
c Budgetary neutral policy with a tuition fee increase of 100 euro for disadvantaged students, combined with a cost increase of 1500 euro for advantaged students. Table 6 shows the results of these alternative policies. The …rst discriminatory policy decreases total enrollment by the same amount as the uniform cost increase (-2.2 percentage points), but it has a less negative impact on enrollments of students from disadvantaged backgrounds (-1.6 percentage points). 26 The second discriminatory policy has less impact on total enrollment (-1.8 percentage points), and leads to a lower decrease in enrollment of disadvantaged students by 0.4 percentage points. 27 This policy leads to a larger decrease in the enrollment gap between advantaged and disadvantaged students than the …rst policy. Hence, the government may better extend subsidies to all disadvantaged students instead of only subsidizing the low-income students.
Conclusion
We have analyzed the impact of socio-economic status on enrollment and study decisions in higher education in Flanders. Descriptive statistics show that students from socially disadvantaged backgrounds are less likely to participate. The participation gap is largest at universities. We distinguish between three channels through which socio-economic status in ‡uences enrollment and study decisions. First, students from disadvantaged backgrounds participate less in higher education because they are more sensitive to the monetary costs of education. Second, they are less likely to enroll because of lower preferences for education. This preference e¤ect captures the fact that disadvantaged students have lower tastes for education, higher indirect costs of studying or lower expectations about the returns of the investment. Third, students from disadvantaged backgrounds have lower academic ability when they graduate from high school, which makes them less likely to enroll. To empirically distinguish between these three channels, we estimated a mixed logit model of program and institution choice for all high school graduates in Flanders in 2008. The mixed logit model allows for unobserved heterogeneity regarding the valuation of the study options (university versus college versus no-study) and regarding the sensitivity to costs, which implies ‡exible substitution patterns. We compare the results with a nested logit model, where we allow for more limited correlation of the unobserved factors within each nest, and a simple conditional logit model that forces students to be equally responsive to costs in their enrollment as in their study decisions. We …nd that it is important to control for unobserved heterogeneity because students di¤er in their unobserved preferences and cost sensitivity and that socio-economic status signi…cantly a¤ects study decisions and the sensitivity to costs.
We then quantify the impact of the three channels. To accomplish this, we predict the study decisions of students as if the group of disadvantaged students would have similar characteristics as the advantaged students. Consistent with the …ndings in Carneiro and Heckman (2002) , we …nd that the long term e¤ects of socio-economic background, such as preferences for education and acquired academic ability in high school, dominate the short term cost e¤ect. The mixed logit model predicts that relaxing the three e¤ects increases total enrollment in higher education by 8.4 percentage points. Relaxing the e¤ect on (acquired) ability and preferences increases participation by respectively 6.5 and 1.8 percentage points, while relaxing the cost sensitivity e¤ect leads to an increase in participation of only 0.4 percentage points. Predictions of the nested logit model are similar but the cost sensitivity e¤ect is larger in the conditional logit model. Finally, we assess the impact of changes in tuition fees on enrollment. We …nd that a uniform 1000 euro tuition fee increase decreases participation by 3.1 percentage points for disadvantaged students and by 1.9 percentage points for other students. Since disadvantaged students are a¤ected more, we also assess the impact of discriminatory tuition fee increases, with higher tuition fees for advantaged students and lower tuition fees for disadvantaged students in such a way that total government expenditures do not increase relative to the policy with the uniform tuition fee increases. These discriminatory tuition fees have less impact on total enrollment than uniform tuition fee increases and decrease the gap in enrollment of disadvantaged students.
Our …ndings have several implications for public policy. First, the low e¤ects of tuition fee increases on enrollment (at least in a country where current fees only cover 3% of total costs) suggest that there is room to raise tuition fees. This is especially so if they are combined with additional subsidies to students from disadvantaged groups (broadly de…ned, i.e. not just low-income groups). Such policies can help to …nance higher education without increasing the enrollment gap. Second, non-…nancial policies turn out to be quantitatively much more important to reduce the enrollment gap between advantaged and disadvantaged students. To raise enrollment of disadvantaged policies in higher education, governments should focus on reducing the gap in high school and ensure that more pupils from disadvantaged groups acquire su¢ cient academic skills to enroll in higher education.
This conclusion holds to the extent that di¤erences in high school background between socio-economic groups mainly proxy for di¤erences in acquired academic skills. To the extent that di¤erences in high school background also re ‡ect di¤erences in intrinsic skills, some caution is warranted. In this case, policies to improve high school participation by disadvantaged students would have a lower impact. In future research it would be interesting to disentangle the two e¤ects (acquired versus intrinsic academic skill), but this would require a dynamic analysis or additional data on test scores. c Base category = mother has a degree in higher education. Note: standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
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c Base category = mother has a degree in higher education. c Base category = mother has a degree in higher education. Note: standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
c Base category = mother has a degree in higher education. The e¤ects of the counterfactuals are expressed as percentage point changes relative to the predicted choice probabilities. Outcomes of the counterfactual policies are expressed as percentage point changes relative to the status quo. All three counterfactual policies generate the same budgetary savings for the government.
c Budgetary neutral policy with a tuition fee increase of 100 euro for disadvantaged students, combined with a cost increase of 1500 euro for advantaged students. Uniform tuition fee increase a all students -1.5 -0.9 -7.4 -9.8 advantaged students -1.4 -0.8 -6.2 -8.4
disadvantaged students -1.4 -1.0 -9.4 -11.8
Discriminatory tuition fee increase (favoring low-income students) b all students -2.1 -1.2 -8.6 -11.9 advantaged students -2.5 -1.3 -9.3 -13.1 disadvantaged students -1.3 -0.9 -7.4 -9.6
Discriminatory tuition fee increase (favoring all disadvantaged students) c all students -1.8 -1.0 -7.0 -9.8 advantaged students -2.5 -1.3 -9.6 -13.4 disadvantaged students -0.4 -0.3 -2.9 -3.6
Note: Observed and predicted outcomes are expressed as percentages of 2008 high school graduates.
Outcomes of the counterfactual policies are expressed as percentage point changes relative to the status quo. All three counterfactual policies generate the same budgetary savings for the government.
b Budgetary neutral policy with a tuition fee increase of 300 euro for low-income students, combined with a 1500 euro cost increase for other students.
c Budgetary neutral policy with a tuition fee increase of 300 euro for disadvantaged students, combined with a cost increase of 1500 euro for advantaged students.
